A jaw bone attributed to the mid-Cretaceous azhdarchid pterosaur Alanqa saharica Ibrahim et al., 2010 is described. The new specimen from the Kem Kem beds of south eastern Morocco is unusual for the presence of expanded rostral bones that protrude above the occlusal surface of the jaws. The function of this unusual osteological modification is uncertain, but it is considered likely that it served a role in food processing, perhaps jaw stability.
Occlusal surface. The occlusal surface is concave, smooth and lacks any midline structure for all of its length from the anterior most position until a point anterior to the pair of elongate protuberances noted above. At this point the sulcus deepens as it passes between the protuberances, but laterally rises until it 'wraps' laterally around the protuberance on each side, becoming confluent with the jaw margin. At the posterior most position the sulcus is confluent with the medial margins of the protuberances. A faint suture is visible extending anteriorly to the mid-line from the anterior termination of the protuberances (Figs. 3E, 4A) , and is seen more clearly in oblique view ( Fig. 3E-G ). The exposed internal vacuity reveals a flattened internal surface of the occluding part of the jaw posteriorly becoming concave anteriorly.
Lateral margins. The lateral margins of the jaw are preserved to a maximum height of 9 mm. The margins are straight, sub-parallel, tapering anteriorly and estimated to converge to a sharp point approximately 330 mm in front of the broken anterior margin. The lateral wall of the jaw is thickened at the boundary between the lateral margins and the occlusal surface ( Fig. 4D ), producing a sloping buttress with the occlusal surface in some places, more noticeable on the anterior left medial surface. The edge of the preserved portion of the lateral margins is worn, and there is no convincing evidence for the margin of the nasoantorbital fenestra.
Internal trabeculae. The broken internal vacuity exposes the internal trabeculae where they are attached to the base of the lateral margins and the internal occlusal surface. Anteriorly the trabeculae are simple, forming a series of short, thin projections extending at approximately 90° from the internal surface of the lateral margins of the jaw, but in only one case reaching the midline to form a bridge across the jaw. They are regularly spaced for a length of approximately 100 mm and separated from adjacent trabeculae by an average of 7.5 mm on the left side. Some of the trabeculae have a corresponding trabeculum on the other side, but the pairing is not complete (Figs. 3B, 4B). Posteriorly the trabeculae adopt a different pattern. From a point 50 mm from the posterior margin the trabeculae are more densely distributed, and form a network of interconnected branches that on average radiate from the internal surface of the lateral margins at 45°. Some of these trabeculae are sheet like (Fig. 4B ), but some are thin rods, and at least one is a thin hollow tube.
Dimensions. The portion of rotrum has a maximum length of 157 mm with a posterior width of 21 mm tapering gently to 16.5 mm anteriorly (Table 2) . Extension of the lateral margins anteriorly to a point indicates that some 330 mm is missing, giving the rostrum a total length of 487 mm from the beginning of the lateral protuberances. The margins converge at an angle of ~3˚. As no examples of Alanqa jaws are known behind this point, it is not possible to estimate the precise length of the skull when complete. The dentary of Quetzalcoatlus sp. a slender-beaked azhdarchid pterosaur from the Upper Cretaceous of Texas described by Kellner and Langston (1996) is reconstructed at up to 960 mm, with the mandibular symphysis occupying some 60% of the lower jaw. Ibrahim et al. (2010) estimated a minimum length for symphysial dentary of Alanqa saharica holotype of at least 424 mm by comparisons with this taxon. Clearly Alanqa saharica had an extremely elongate and slender skull as does FSAC-KK 4000.
Discussion

Upper or lower jaw?
Because both the lower and upper jaws of azhdarchid pterosaurs are long and slender, anteriorly approximating to mirror images of each other, at least in the anterior most portion of the rostrum, determining between upper and lower jaws for fragmentary specimens can be problematic. The anterior rostrum of mature individuals within pterodactyloid pterosaurs rarely displays distinctive sutures between the premaxillae, maxillae and palatines and other elements of the palate. Similarly, the configuration of the various elements that comprise the mandible is rarely discernable.
Furthermore, the degree of expansion seen in lateral view of the dorsal rostrum or ventral surface of the mandible may not be sufficient to distinguish between these skull components. In the azhdarchoid Tapejara wellnhoferi the dentary possesses a descending median crest that, in isolation, might be mistaken for the rising antero-dorsal border of the premaxilla of (e.g.)
Tupuxuara (see for example comments by Wellnhofer and Buffetaut, 1999, p. 137) . The jaws attributed to an azhdarchid pterosaur from the Kem Kem beds of Morocco have been described by Wellnhofer and Buffetaut (1999) and by Ibrahim et al. (2010) , the latter authors erecting the taxon Alanqa saharica for their reception. The anterior jaw fragment figured by Wellnhofer and Buffetaut (1999, fig. 5, BSP 1996 I 36) was identified as a premaxilla, whereas a remarkably similar, but somewhat longer specimen described by Ibrahim et al. (2010, figs. 2-3, FSAC-KK 26 holotype of A. saharica) was considered to be a mandible. Neither specimen displays mandibular rami or palatal fenestrae, making identifications reliant on subtle, and not necessarily wellunderstood features. In the case of BSP 1996 I 36 the occluding surface is a shallow sulcus with a midline raised ridge becoming subtly more prominent posteriorly. The occluding surface of FSAC-KK 26 is similarly a shallow sulcus, but it has a somewhat flatter and slightly less prominent ridge developed posteriorly, but the differences are remarkably slight. In addition, the holotype of A. saharica has a mid-line eminence at its most posterior point. This is not seen in BSP 1996 I 36, but this is most likely because this specimen does not overlap with FSAC-KK 26 (see Fig. 3 I ). The extremely low lateral profile of both BSP 1996 I 36 and FSAC-KK 26 in the authors opinion, hints more towards a rostral identification of these two specimens. The specimen described here (FSAC-KK 4000) with the protuberances located either side of the occluding jaw margin overlaps (in terms of length) with the holotype of A. saharica with its mid-line eminence locating in a similar position posteriorly to protuberances. Thus the new specimen may be the counter surface to the mandible of A. saharica (but we do not imply it is from the same individual) and is thus likely a portion of the rostrum. In which case, the lateral protuberances present on FSAC-KK 4000 most likely represent ventral projections of the lateral margins of either the palatines just posterior to the maxillae, part of the maxillary shelf just posterior to the premaxillae, or perhaps anterior most parts of splenials.
Affinities
Apart from the presence of the two enigmatic elongate lateral protuberances, in all other respects FSAC-KK 4000 appears to represent a portion of the rostrum of a pterosaur jaw. Indicators include the elongate nature of the element and the extremely thin bony wall. The narrow profile of the jaw in dorsal and ventral view is not seen in any other Kem Kem vertebrate. A lack of dental alveoli suggests affinities with either Azhdarchoidea or Pteranodontidae + Nyctosauridae (sensu Unwin, 2003 and Lü et al., 2010) , both edentulous pterosaurs with elongate jaws. A pteranodontid or nyctosaurid identification, while possible, is ruled out on account of both morphological grounds and geological context. To date, all confirmed occurrences of pteranodontid and nyctosaurid pterosaurs have been from fully marine strata (Bennett, 1994 (Bennett, , 2003 Williston, 1903; Frey et al., 2006) . Furthermore, a possible pterandontid jaw fragment from the fluvial Kem Kem beds described by Wellnhofer and Buffetaut (1999) Azhdarchid jaw fragments can be distinguished from those of pteranodontids and nyctosaurids by the presence of elongate, slit-like perforation on the lateral walls of the jaws and on the palatal surface of the rostrum or symphysial shelf of the mandible (Ibrahim et al., 2010 Nessov (1984) and that figured by Averianov (2010) , and is usually much better developed anteriorly. Thus the holotype of Alanqa saharica which lacks the anterior most part of the mandibular symphysis displays only two or three of these slits at the most anterior part of the specimen (Ibrahim et al., 2010, fig. 3 ). These slits are mostly absent on FSAC-KK 4000, perhaps on the lateral margins because so little of them is preserved, but only one can be detected on the occlusal surface with confidence. This single slit-like foramen is present anteriorly slightly left of the midline and has an antero-lateral trajectory (Figs. 3A, 4A ). The general lack of these slit-like foramina may be because of the more posterior location of the fragment compared to other specimens known for Alanqa. The occluding surface of the jaws of Nyctosaurus, Pteranodon and possibly Muzquixopteryx are gently curved (Bennett, 1994 (Bennett, , 2003 Frey et al., 2006) rather than the straight condition seen in Alanqa and several other azhdarchids, but not Bakonydraco (Ősi et al., 2005) , which might be a tapejarid (Andres and Myers 2013) . Thus, the level margin of the occluding surface and the presence of a single slit-like foramen on the occluding surface suggest azhdarchid affinities. The stratigraphic horizon and the location strongly suggest that FSAC-KK 4000 should be referred to Alanqa saharica. This identification is consistent with our knowledge of azhdarchid jaws. The jaws of Alanqa, in particular, are remarkably straight and narrow.
Function of the lateral protuberances
A functional role integral to the autecology of Alanqa saharica is considered highly likely for the protuberances on the jaw. A pathological origin is ruled out on the grounds of a second specimen offered for sale a few years ago and present whereabouts unknown (Fig. 5) . FSAC-KK 4000 is unusual for the presence of paired expanded protuberances that extend above the jaw line. No such structure has been reported for Pterosauria, and neither has any analogous structure been reported for the jaws of extant birds. Bony protuberances do occur however in the Odontopterygiformes of the late Paleocene to Pliocene/Pleistocene where tooth-like margins are developed on the mandible and premaxilla (Bourdon, 2005) . Some birds do possess protuberances on the margins of the rhamphotheca, notably hornbills (Bucerotidae) which might function in a similar fashion, and certainly interfere with full closure of the jaws (Fig. 6 ). There is a dorsal expansion of the jaw margin in the mandible of Bakonydraco, with a transverse ridge between the summit of the expansion, but it is not known if it corresponds with a notch on the rostrum (Ősi et al., 2005) , and this feature looks very different from that seen in FSAC-KK 4000. Particularly odd is that the protuberances of FSAC-KK 4000 would appear to interfere with the full closure of the jaws, should the rhamphotheca or other soft tissue covering of the bone be of negligible thickness. The exposed internal surface of the palate reveals extensive modification of the internal trabecular framework in the vicinity of the protuberance and would considerably strengthen this region of the skull (Fig. 3B, H, 4B) . The robust appearance of the protuberances, their rounded cross-sectional profile, thickened bone and their position apparently opposite a median eminence in the mandible of Alanqa saharica described by Ibrahim et al. (2010) suggests a tritorial function in feeding.
Occlusion of the jaws would allow the median eminence of the lower jaw to insert between the two lateral protuberances of the upper jaw, with any food item in between firmly crushed. Perhaps another function for the protuberances could be for anchoring soft tissues forming cheeks or elaborate display structures, although these suggestions are entirely speculative (Fig. 7) .
Conclusions
Alanqa saharica was an azhdarchid pterosaur with a jaw possibly modified for crushing hard prey. Such a conclusion regarding the diet of this pterosaur is not entirely inconsistent with the conclusion of Witton and Naish (2008) who regarded azhdarchids as animals foraging for live animals and carrion in the manner of storks and ground hornbills. Probe feeding for molluscs and other invertebrates was proposed as a feeding strategy by Lehman and Langston (1996) , but ruled out by Martill (1997) and Witton and Naish (2008) on account of the inflexibility of the long neck and the cross sectional shape of the rostrum.
The Kem Kem beds have yielded a diverse fossil assemblage, but it is dominated almost entirely by vertebrates. Evidence for invertebrates in the Kem Kem beds is restricted to trace fossils of Beaconites and Conichnus type while very rare unionid bivalves at Begaa, and decapod crustaceans from Oum Tkiout have been reported In press). Thus, a generalist feeder with a similar mode of foraging to living storks might select a diet of both invertebrates and small vertebrates. An ability to crush the shells of molluscs and crustaceans, and perhaps vertebrates such as turtles, would seem to be an advantage. 
